Raman spectroscopy
All coiled coil (CC) peptides were obtained from a commercial supplier (Centic Biotech). They were synthesized using standard solid phase peptide synthesis methods and purified via HPLC (purity >95 %). Raman micro-spectroscopy was performed to study the CC secondary structure and His-Ni 2+ coordination. The peptides HA 4 and HB 4 (no cysteine) were dissolved in ultrapure water to a concentration of approx. 5 mg ml -1 . The peptides were mixed in a 1:1 molar ratio to yield 0.5 mM HA 4 HB 4 . For investigating metal coordination, NiCl 2 was added to obtain a final concentration of 1 mM and the pH was raised to 8 using NaOH. HCl was added to obtain an acidic pH of ~4. The solution (5 µl) was dried on a coverslip. For the measurements of the resulting peptide films, a confocal Raman microscope (alpha300, WITec) was used. The microscope was equipped with a piezo scanner (P-500, Physik
Instrumente) and a 50x objective (Nikon, NA 0.6). A linearly polarized laser (λ = 532 nm, Oxxius) was focused onto the sample with a polarization angle of 0° and no analyzer in the light path. The Raman scattered light was detected on a thermoelectrically cooled CCD detector (DU401A-BV, Andor) with an integration time of 2 s and 30 accumulations. Spectra from five different positions on the sample were collected and averaged. The measurement and subsequent data analysis were performed with the software ScanCtrlSpectroscopyPlus (Version 1.38, WITec) and Project FOUR (Version 4.1 WITec). OPUS was used for baseline correction (rubberband method, linear, 1 pt), and the spectra were normalized to the amide I peak at 1654 cm -1 .
CD spectroscopy
CD spectra were recorded to investigate the secondary structure and the thermal stability of the individual peptides as well as the CC in the absence and presence of NiCl 2 . Peptide stock solutions were prepared in ultrapure water and their molar concentration was determined with amino acid analysis. The stock solutions were mixed in a 1:1 molar ratio and subsequently diluted in 10 mM PIPPS, 137 mM NaCl, 2.7 mM KCl, pH 8. Thermal denaturation revealed that the individual peptides have a melting temperature T m smaller than 4 °C (Fig. S1B) . HA 4 HB 4 shows a thermal stability of T m = 76.4 ± 0.9 °C, which increases to 80.2 ± 0.6 °C in the presence of Ni 2+ . The values represent the mean ± the standard error of the mean (SEM), n = 3. CD spectroscopy was also performed with the reference CC A 4 B 4 to demonstrate that the presence of Ni 2+ alone has no influence on the conformation and stability of the CC (Fig. S2) . 
AFM-based single-molecule force spectroscopy (SMFS)
Surface and cantilever preparation for SMFS were performed as described in Zimmermann et al. 4 The cantilevers (MLCT, Bruker) were cleaned in an UV-ozone cleaner (BioForce Nanoscience) for 20 min. For amino-silanization, the cantilevers were submerged in pure 3-aminopropyl dimethyl ethoxysilane (APDMES) (ABCR) for 10 min at room temperature (RT) and washed with isopropanol and ultrapure water. The cantilevers were cured for 30 min at 80 °C. The coverslips (Menzel Gläser) were sonicated for 10 min in isopropanol and 3x 5 min were F is the force, l p the persistence length, l c the contour length, x the end-to-end distance of the polymer chain, k B the Boltzmann constant and T the temperature.
Only force curves that displayed a single rupture event (visual inspection), were fitted well with the WLC model and possessed a contour length larger than 90 nm (taking into account the polydispersity of the PEG) were considered for further analysis. These criteria efficiently eliminate force distance curves displaying non-specific binding events, which frequently possess much shorter contour lengths or cannot be fitted with the WLC model. . The most probable values of F R and Ḟ were obtained from a Gaussian fit to the histograms (dashed line); n represents the number of force curves included in each histogram.
The rupture forces (F R ) and the loading rates (Ḟ = dF/dt) obtained from the JKPSPM data processing software were plotted into histograms. For each retract speed, the most probable rupture force and the most probable loading rate were determined using a Gaussian fit to the corresponding histogram (logarithmic plot for Ḟ) in IGOR Pro 6.37.
Representative rupture force distributions obtained in the presence and absence of 1 mM Ni 2+ and after washing with 10 mM EDTA are shown in Fig. S3 (retract speed of 400 nm s -1 ).
The histograms show that the rupture force increased by ~10 pN in the presence of Ni 2+ . This stabilization is reversed after washing the cantilever and surface with 10 mM EDTA. It should be noted that the histogram measured in the presence of Ni 2+ is wider than the corresponding histograms in the absence of Ni 2+ or after adding EDTA. We attribute this to the presence of multiple species, including CCs where zero, one or two helices contain an intact metal coordination bridge. Fig. S4 and S5 show one representative data set obtained from dynamic SMFS measurements performed in the absence and presence of 1 mM Ni 2+ . A summary of the results from three independent measurements performed with different cantilevers and surfaces is given in Tab. S1. For each of the three cantilevers, the values of the most probable rupture force were plotted against the logarithm of the corresponding loading rate. The data was fitted with the BellEvans model 10 (Equation 3) to determine the extrapolated thermal off-rate at zero force (k off ) and the potential width Δx at a given temperature T (25 °C):
The obtained fit values, k off and Δx, as well as their mean ± SEM are summarized in Tab. S2. Measurement performed in the presence of 4 mM NiCl 2 and 10 mM EDTA. The amplitude sweeps were conducted from 1 % to 1000 % stain and back from 1000 % to 1 % to test for self-healing.
The resulting hydrogels were characterized with strain-controlled oscillatory shear rheology (MCR 301, Anton Paar), using a 12 mm diameter cone-plate geometry (CP12-1, angle 1°, Anton Paar). The gap width was adjusted to 0.02 mm. The rheometer was equipped with a temperature controlled hood (25 °C) to prevent evaporation. To determine the linear viscoelastic range, amplitude sweeps were performed ranging from 1 % to 1000 % shear strain ( Fig. S6) and vice versa. During the amplitude sweeps, the frequency was kept constant at 10 rad s -1 . After a short resting time of 2 min, a frequency sweep was conducted from 0.001 or 0.002 rad s -1 to 100 rad s -1 . During the frequency sweeps, the strain amplitude was kept constant at a strain of 1 %, which lies in the linear viscoelastic range. Frequency sweeps were used to obtain information about the dynamic viscoelastic properties (Fig. 4 in the main text). The relaxation time t of the non-covalent crosslinks can be obtained from the crossover point of G' and G" in the frequency sweep. Tab. S3 contains an overview of the
